c C holera has reinstated its deadly grip on the planet with recent epidemics in Zimbabwe and Haiti (1, 2), along with the emergence of Vibrio cholerae having reduced susceptibility to fluoroquinolones. India also experiences frequent outbreaks caused by multidrug-resistant V. cholerae (3). We report reduced sensitivity to ciprofloxacin in V. cholerae O1 El Tor Ogawa and novel multiple mutations in the DNA topoisomerase parC gene.
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Twelve V. cholerae strains were obtained from the Government Medical College Hospital, Kozhikode, Kerala, India, and serotyped as V. cholerae O1 El Tor Ogawa. Detection of the ctxA, ctxB, and tcpA genes (encoding cholera toxin and toxin-coregulated pili) (4, 5) was done by PCR, and the ctxB gene was sequenced to determine the cholera toxin genotype. Antimicrobial susceptibility testing was performed by disc diffusion (6) , and the MIC of ciprofloxacin was determined by Etest (AB bioMérieux, Solna, Sweden). To check for mutations in the quinolone resistancedetermining region (QRDR), the genes encoding DNA gyrase (gyrA, gyrB) and DNA topoisomerase (parC, parE) were amplified and subsequently sequenced (7) .
All of the isolates possessed the ctxA and ctxB genes and the El Tor allele of tcpA. The ctxB gene sequences were similar to those of the Haitian variant of V. cholerae O1 (5). This variant has DNA sequences identical to those of the classical type of ctxB with an additional mutation at position 58 resulting in the substitution of asparagine for histidine. Antimicrobial susceptibility testing showed that the isolates were sensitive to tetracycline, erythromycin, and chloramphenicol and resistant to ampicillin, furazolidone, nalidixic acid, streptomycin, trimethoprim, cotrimoxazole, and polymyxin B. All of the strains showed reduced susceptibility to ciprofloxacin (MICs, 0.25 to 0.5 mg/liter). The QRDRs of gyrA, gyrB, parC, and parE of all of the isolates were amplified. Since all of the isolates had the same antibiotic susceptibility pattern, four were selected for sequencing of the gyrase and topoisomerase genes. Sequence analysis revealed five mutations in the parC gene, i.e., TCG to AAT (Ser-60¡Asn), TAC to TTT (Tyr-65¡Phe), TCG to ATC (Ser-85¡Ile), GCC to TCC (Ala-128¡Ser), and AAA to CGG (Lys-129¡Arg) (Fig. 1A) , and a single mutation in gyrA (Ser-83¡Ile), while no changes were detected in the gyrB and parE genes.
From the available literature, the most common amino acid substitution observed in the parC gene is the replacement of serine with leucine at position 85 (TCG ¡TTG) (8, 9), while in this study, serine was replaced with isoleucine in the same position. To understand the effect of this mutation on ciprofloxacin resistance, molecular docking analysis of ciprofloxacin on wild-type (native) and mutant ParC was performed with Autodock 4.0 as shown in Fig. 1B . In the native ParC protein, the optimal binding energy in the QRDR was Ϫ4.95 kcal/mol, whereas in the mutant protein, no ciprofloxacin binding was observed. To explain the lack of ciprofloxacin interaction affinity in the QRDR of the mutated protein, a large-scale dynamic simulation for 50 ns was performed with the Gromacs 4.5.4 package running on a Linux cluster. The root mean square fluctuation (RMSF) of the backbone residues and hydrogen bond variations between the native and mutant ParC structures were investigated with the help of g_rmsf and g_hbonds, respectively. The RMSF score revealed the presence of a higher degree of flexibility in the native protein. However, isoleucine exhibited a higher RMSF value than serine. This indicates that the mutation of S85I affects the binding conformation of ciprofloxacin. The side groups of isoleucine cause the rise in flexibility and impose constraints on the flexibility of the residues in the surrounding region, thereby preventing the binding of ciprofloxacin. A remarkable loss of hydrogen bonds was observed in the QRDR of the mutant protein. The average numbers of hydrogen bonds in the native and mutant proteins were 1.62 and 0.37, respectively. The overall results of the simulation analysis suggest that the Ser85¡Ile mutation in the parC gene has significantly contributed to the loss of stability of ciprofloxacin in the QRDR, thereby contributing to its resistance. The mutated residues, except S85I, did not exhibit a large conformational fluctuation during the simulation.
The reduced ciprofloxacin susceptibility of V. cholerae O1 Ogawa has been attributed to single amino acid changes (Ser83¡Ile in gyrA and Ser-85¡Leu in parC) (10) . The primary target of fluoroquinolones appears to be gyrase rather than topoisomerase (11), so the role of the multiple mutations identified in the parC gene in the present investigation in fluoroquinolone susceptibility requires careful study. The resistance pattern of our isolates is similar to that of the Haitian outbreak strain (12) , but the amino acid change in position 85 and the four additional mutations detected are hitherto unknown mutations. To our knowledge, the five mutations in the parC gene described here have not been reported previously. The docking and molecular dynamic simulation implies that the Ser-85¡Ile mutation in the parC gene imposes significant constraints on the flexibility of the protein, to which the observed drug resistance can be attributed. Thus, V. cholerae appears to be evolving with respect to cholera toxin and antibiotic resistance genes. Such changes call for more stringent surveillance and monitoring of the organism.
Nucleotide sequence accession numbers. The nucleotide sequences of ctxB and parC of isolates VCW4, C1, C3, and C5 have been deposited in GenBank under accession numbers KF042305 to KF042308 and KF741367 to KF741370, respectively. 
